Water pollution is a concern globally extended due to the need of preserving human health and environment. In the search for solutions, residual biomass has been used for its decontamination due to easy implementation and low cost. In this research, a rapid-mixed biofilter was developed to process 0.75 mL/s of greywater contaminated with 93.04 ppm of Linear Alkylbenzene Sulfonate (LAS). The removal efficiency, optimal design and operating conditions were evaluated. Finally, the performance of the system was modeled by the BSDT and Clark breaking curves to determine the saturation time. Results showed a removal percentage of 91.27 %. In addition, it was observed that bed height has a positive effect on the adsorption due to the increase of active sites. The Clark model was the one that best fitted the data which confirms that at long residence times inside the column, the concentration at the exit will tend to be significantly reduced.
Introduction
The presence and accumulation of chemical contaminants in the aquatic environment represent a problem of public health and environment [1] , which makes it necessary to treat wastewater [2] . The presence of emerging pollutants (EP) in terrestrial and aqueous systems has raised an interest regarding their environmental fate and toxicity [3] . These ones comprise a large variety of compounds such as surfactants, pesticides, among others. Surfactants are discharged into industrial and domestic wastewater by the use of detergents [4] and foaming agents. Different treatment technologies have been studied such as adsorption, physicochemical treatment or coagulation; however, they must be coupled with others to achieve higher performance, implying high operating costs [5] . In this sense, the adsorption methods based on lignocellulosic products become important due to their sustainable nature and physicochemical characteristics [6] . Anionic surfactants removal studies, such as Linear Alkylbenzene Sulfonate (LAS), are focused on techniques of combining technologies, adsorption using activated carbons or by carbon nanotubes. Therefore, the aim of this work is to evaluate the optimal design conditions for the performance of a rapid-mixed biofilter using corn leaves and stems to treat greywater contaminated with LAS.
Materials and Methods

Preparation of Adsorbent Material
Biomasses were washed to remove impurities that could interfere with adsorption. Then, they were dried for 4 days at room temperature, followed by size reduction and classification in a shaker type sieve, selecting sizes of 0.355 and 1mm.
Adsorption Tests in Continuous System: Biofilter Components
The biofilter is a water treatment system which separates particles and contaminants present by a porous media. It was evaluated a biofilter composed by beach and Palmarito sands (bed height of 72 mm) in a packed column to process a 0.75 mL/s, as it is shown in Figure 1 . They were taken, Beach sand as fine with particle sizes from 0.02 to 0.5 mm, Palmarito as the average with particle sizes of 0.074, 0.149, 0.297 and 1.19 mm, and gravel with a height of 12 mm [7] . The equipment in continuous consists of 4 beds in parallel, with an internal diameter of 4.4 cm and height of 52.8 cm. Subsequently, the two biomasses were located in the column, and its position was varied three times at two heights. The greywater solution with a surfactant concentration of 93.04 ppm was put in contact for 5 h at room temperature, initially taking samples at 30 minutes and 1 hour until completing the stipulated time, keeping the biomass/solution ratio constant [8] . 
Influence of the Bed Height and the Biomass Position: Experimental Design
A multilevel factorial experimental design was followed with three position levels (lower, middle and upper) and two heights in centimeters (4 and 2), for a total of six experiments with corn stems and leaves (biomasses) as an adsorbent bed. Then, with the best conditions of height and position, the two biomasses were combined inside the filter in order to evaluate the surfactants removal. In this stage, only one test with a replica was carried out at the end of the contact time.
Statistical Analysis of Variance (ANOVA)
The variance analysis was carried out to determine the statistical significance of biomass position and height bed and them effects on surfactants removal by comparing its mean square against an estimate of the experimental error. For this, a confidence level of 95 % was established, which means that those effects or parameters that have an error (P-value) less than 0.05 are accepted as significant.
Modeling the Breaking Curve
The operation of fixed-bed columns is described by breaking curves. Therefore, based on the optimum conditions of height and position obtained, the curve that best represents the system behavior was established to determine the efficiency by fitting the experimental adsorption data to mathematical models of BDST and Clark. The BDST model (Bed Depth Service Time) represented by Equation 1, relates the bed height with time, assuming that the speed of removal is controlled by the surface interaction between the adsorbate and the adsorbent [9] . In The results obtained with this last could be associated with the smaller particle size. Therefore, this sand was used in the following tests.
Influence of the Bed Height and Biomass Position
The main component to carry out the removal in the column is biomass. Figure 2 represents the LAS removal percentage reached, where it is observed that this increases with the bed height. Figure 2 (a) shows that with a high of 4 cm, equivalent to 10 g, it is obtained 86.27 % of removal when the biomass is located in the middle of the bed, more than twice the value obtained in the batch system (40.67 %). Figure 2 (b) shows a similar behavior for corn stems. The maximum removal percentage obtained (85.53 %) is 2.5 times higher than the one obtained in the batch system (33.71 %); which shows that by joining the components in the column the removal will increase. Finally, a test was carried out with the sand (upper position), gravel (lower position) and the two biomasses (middle position), where the stems were located under the leaves due to it had a better performance in this position (removal of 84.24 %). The removal percentage obtained represents a higher value (91.27 %) compared to similar studies, such as the case of a plant in Ecuador designed for the laundry wastewater treatment (67.00 %) [10] . Table 1 represents the ANOVA results for corn leaves and stems, performed using the software STATGRAPHICS Centurion XVI.I. It is observed that the position (A) and height (B) effects in the LAS adsorption using corn leaves and stems is significant (P-value less than 0.05) with a confidence level of 95.00 %. Figure 3 a, it is observed that for corn leaves, the most influential variable on removal is the biomass position; which means that this should be located in the column strategically. For both cases, the height of biomass bed has a positive effect on the surfactants removal due to the increase of active adsorption sites. Figure 4 shows that by joining the two biomasses in the column, the breaking point is given at 100 and 150 minutes, while the breaking time is projected to more than 300 minutes; which means that the filter used will have a useful life of more than 5 hours where it will reach the biomass saturation. Likewise, it can be seen that the Clark model adjusted the experimental adsorption data better, which confirms that at long residence times of the solution inside the column, the concentration at the exit will tend to be significantly reduced. Table 2 presents the adjustment parameters obtained for each model evaluated. For Clark model, the adjustment of experimental data indicates that during the adsorption process, multilayers are formed on the surface of the biomass and affinities of adsorption on the surface heterogeneous. In this sense, the adsorbed molecules can interact with each other by the distribution and close distance between the active binding sites. In addition, the value of the constant n is in the range of 1 to 10, which explains a favorable adsorption of the pollutant when using the mixed bed of beach sand, gravel, corn leaves and stems [11] . 
Modeling the Breaking Curve
Conclusions
In this research, the optimal design conditions for the performance of a rapid mixed filter of fixed-bed using corn leaves and stems as biomasses were evaluated and determined in order to process 0.75 mL/s of greywater with a surfactant concentration of 93.04 ppm. It was found that when leaves and stems are used in bed columns packed, the variable with the greatest influence on the adsorption process is the bed height, reaching removal rates of 86.27 and 85.53 %, respectively, when it is located in the center of it. Also, when using a packed bed of beach sand for the filtration process, a removal percentage of surfactant was 56.46 %. However, when the filter was mixed (beach sand, stems and leaves), a removal percentage of 91.27 % was reached. Finally, when evaluating two models of breaking curve, it was found that the Clark model is the one that best fits the data, which indicates that the surface of the material is heterogeneous, there is the formation of multilayers on it and the process is controlled by mass transfer between the water contaminated with surfactants and the active sites of the adsorbent.
